Introduction
Co(III) chloride complexes with pyridine (py), trans-[Co(py) 4 Cl 2 ]Cl·6H 2 O [1] and mer-[Co(py) 3 Cl 3 ] [2] , have been known for years. Owing to the lability of py ligands, the former compound, readily prepared by oxidation of trans-[Co(py) 4 Cl 2 ] [3, 4] with gaseous chlorine [5, 6] , is widely used as a facile and versatile precursor for synthesis of more complicated Co(III) species [7] . In contrast, mer-[Co(py) 3 N CPMAS studies of cobalt(III)-chloride-pyridine complexes, spontaneous py → Cl substitution in trans-[Co(py) 4 Cl 2 ]Cl, and a new synthesis of mer-[Co(py) 3 Cl 3 ] directly prepared by oxidation of aqueous CoCl 2 + py mixtures (which is a common procedure for obtaining Co(III) chloride-azine complexes, e.g. those of cis-[Co(LL) 2 Cl 2 ]Cl formula, where LL = 2,2'-bipyridine or 1,10-phenanthroline [11, 12] ), because the only product is again trans-[Co(py) 4 Cl 2 ] + [1, 5, 6, 13] . In the past, Shevchenko et al. reported mer-[Co(py) 3 Cl 3 ] as the main product of trans-[Co(py) 4 Cl 2 ]Cl·6H 2 O thermal decomposition at o C [14] , however, this technique was unsuitable for preparative purposes due to the formation of some other by-products. Thus, alternative methods of mer-[Co(py) 3 Cl 3 ] manufacture are interesting from the practical point of view. In this paper we describe a new, more convenient and efficient method of its synthesis from easily available trans-[Co(py) 4 Cl 2 ] Cl·6H 2 O. We have monitored this process, occurring spontaneously in chloroform, by 1 H NMR and UV-Vis spectroscopies.
Besides its potential utility as a reactant in inorganic syntheses, mer-[Co(py) 3 Cl 3 ] is a relatively rare example of a cobalt(III) complex containing three identical azine ligands, in contrast to the more prevalent tetrakis-and hexakis-derivatives. To the best of our knowledge, only a few species having exactly three py molecules inside Co(III) coordination sphere have been previously described-[Co(py) 3 [2] , [Co(py) 3 (NCS) 2 Cl] [19] (their geometry being uncertain, although mer-configurations have been usually proposed), and mer- [Co(py) 3 (N 3 ) 3 ]. The latter compound was previously investigated by single crystal X-ray diffraction (JOZNAN [20] ; all reference codes in this paper are from the Cambridge Structural Database [21] ), which proved the meridional arrangement of the py and azide ligands. In contrast, the X-ray structure of mer-[Co(py) 3 Cl 3 ] has not yet been described, its geometry being proposed on the basis of X-ray powder diffraction pattern similarity [2, 22] to mer-[Cr(py) 3 Cl 3 ] (QQQFYV01 [23] ) and mer-[Mo(py) 3 Cl 3 ] (CLPYMO10 [22] ).
The aim of the present work was the confirmation of meridional geometry for mer-[Co(py) 3 13 C and 15 N CPMAS spectra were acquired on a Bruker AVANCE DRX 500-MHz spectrometer using a Bruker MASVTN500SB BL4 probehead and 4 mm zirconia rotors, using a 12 kHz spinning speed, at 297 K. They were referenced to solid glycine and recalculated to TMS (δ(CH 2 in glycine) = 43.3 ppm) or nitromethane (δ(NH 2 in glycine) = -347.6 ppm). 3 Cl 3 ] samples were obtained when the reaction mixture was exposed to sunlight or when CHCl 3 (b) of lower purity was used (it concerned also long-standing CHCl 3 (a)). In contrast, very pure mer-[Co(py) 3 Cl 3 ] was formed in CDCl 3 during NMR measurements (vide infra).
Synthesis

Results and discussion
UV-Vis spectra of trans-[Co(py) 4 Cl 2 ]Cl and mer-[Co(py) 3 Cl 3 ]
In order to study the trans-[Co(py) 4 Cl 2 ]Cl → mer-[Co(py) 3 Cl 3 ] reaction, we characterised both the reactant and the product by UV-Vis, IR and far-IR spectroscopy. Fig. 1 top) . The presence of exactly three proton signals in each NMR spectrum proves an equivalency of all py ligands in the trans-[Co(py) 4 n+ formulae (n = 0-2), which contain four equatorial py molecules and two axial chlorides, exhibited a similar shielding of H(2), although the effect was usually weaker, while effects at H(3) and H(4) were of variable sign and magnitude: trans-[Ru(py) 4 Fig. 1 bottom) 6 exhibit three signals in the same order observed for free py (C(2) > C(4) > C(3)), their chemical shifts being nearly independent of the solvent (variations up to ±0.3 ppm); analogous measurements in CDCl 3 have not been performed due to the low solubility of this ionic complex and the conversion of trans-[Co(py) 4 The most characteristic C(2) high-frequency coordination shifts are much larger for the former complex (ca. 7-9 ppm) than the latter one (ca. 2-3 ppm); in both species they are more pronounced for axial than equatorial py. In these two compounds, also C(4) signals are slightly shifted to higher frequency (by ca. 1-3 ppm), while those of C (3) Another possible reason for the decrease of the 15 N coordination shifts' absolute magnitude upon N(axial) → N(equatorial) transitions, observed for both mer-[Co(py) 3 Cl 3 ] and mer-[Co(py) 3 (CO 3 )Cl], is a probable elongation of the equatorial Co-N bonds when compared to those axial. Unfortunately, single crystal X-ray data are unavailable for these two chloride complexes, however, such a structural effect was already reported for a similar azide species -mer-[Co(py) 3 (N 3 ) 3 ] (JOZNAN), in which the Co-py eq bonding was ca. 0.015 Å longer than the Co-py eq one [20] . The same dependency was also observed for its analogues -mer-[Co (4-methyl-py) 3 (N 3 ) 3 ] (VOZSIM, VOZSIM01) [20, 46] , mer-[Co (3,4-dimethylpy) 3 (N 3 ) 3 ] (NOKJAY) [47] and mer-[Co (3,5-dimethylpy) 3 (N 3 ) 3 ] (NOKJEC) [47] ; their Co-N bond lengths are listed below (see 13 C CPMAS discussion). The 13 C CPMAS spectrum of trans-[Co(py) 4 Cl 2 ] Cl·6H 2 O exhibits exactly three signals (δ C(2) = 158.1 ppm, δ C(3) = 127.1 ppm, δ C(4) = 142.8 ppm), their assignment being based on the spectral pattern similarity between the solid state and the solution (in crystalline phase, δ 13C values have increased ca. 1-2 ppm comparing to DMSO-d 6 ). The respective 15 N CPMAS spectrum unexpectedly reveals not one, but four signals at -168.2, -170.8, -175.0, -176.9 ppm, exhibiting an inequivalency of all nitrogen atoms, and, in consequence, of the four py molecules. Such slight structural differences between formally equivalent equatorial Co-N bonds were already reported for trans-[Co(py) 4 Cl 2 ]
+ cations in the two salts studied by X-ray: trans-[Co(py) 4 3 Cl 3 ] formula (M = Al, BODZAV [59] ; M = V, WEHZUE [60] ; M = Cr, QQQFYV01 [23] , M = Mo, CLPYMO01 [22] ; M = Rh, CILYOL [61] 3 Cl 3 ] molecules within the crystal lattice, differing in packing and details of the coordination polyhedron (such a phenomenon being usually named as distortion isomerism [62] ), by analogy to [Zn(py) 2 Cl 2 ] (ZNPYRC01) [63] or [Pd(dpphen)Cl 2 ] (FURKUY) [64] .
The comparison of 13 C and 15 N CPMAS spectra, for each studied complex, leads to the conclusion that the latter technique is a more sensitive tool for detection of slight variations in the coordination mode. 3 Cl 3 ] and py can be expressed as (1-x), x and x (where x denotes a degree of the reaction advancement), respectively. Hence, the relevant (A) and (B) areas, for a given type of hydrogen, correspond to 4·(1-x)+x and 3x. Our integrations, performed for the best separated H(2) resonances (those of H(3) and H(4) heavily overlapping to one another, and also to the peak of residual Along with time, the 519 nm maximum decreases, whereas those at 613 nm and 637 nm increase, being slightly shifted to ca. 610 nm and ca. 630 nm, respectively. The isosbestic point appears at ca. 580 cm -1 . After 120 h, the spectrum becomes quite similar to that of freshly dissolved mer-[Co(py) 3 Cl 3 ], but it is not identical. Some differences, concerning both λ max and ε parameters are probably caused by a simultaneous formation of Co(II) by-products detected by NMR; the liberation of free py and water (from the dissolved reactant, which is a hexahydrate) must be also taken into account. The previously mentioned dependence of the substitution process on chloroform quality and absence of sunlight has resulted in an insufficient reproducibility of the kinetic runs; this is why we have not studied the reaction rates quantitatively.
The mechanism of py → Cl substitution during the trans-[Co(py) 4 Cl 2 ]Cl → mer-[Co(py) 3 Cl 3 ] + py reaction (illustrated at Fig. 3 ) remains unknown. In our opinion, this process, generally absent in aqueous media (in water-alcoholic solutions some solvolysis reactions were generally reported for trans-[Co(py) 4 Cl 2 ] + cations [6, 65, 66] ) seems to be favoured just in chloroform due to the two principal reasons: (1) the lack of trans-[Co(py) 4 Cl 2 ]Cl dissociation in this solvent enables stronger interactions between the Co(III) central ion or coordinated py molecules, and the Cl atom located in the outer coordination sphere; (2) the presence of small amounts of HCl (which is well-known to be formed in CHCl 3 upon daylight exposure) may catalyse Cl → py substitution. coordination sphere geometry and character of auxiliary ligands. Particularly, significant differences between axial and equatorial py, as well as noticeable changes following 2Cl → CO 3 2-replacement are observed for both meridional complexes. 13 C NMR spectra of all coordination compounds exhibit a general carbon deshielding effect, decreasing in the order C(2) > C(4) > C (3) .
Conclusions
15 N nuclei are shielded by ca. 85-110 ppm, this effect being ca. 15-25 ppm more pronounced for nitrogens located trans to N than trans to Cl or O. 13 3 Cl 3 ] reveal slight variations in formally equivalent Co-N bonds; in the case of the latter complex, they additionally suggest the appearance of distortion isomerism.
In chloroform, a spontaneous trans-[Co(py) 4 Cl 2 ]Cl → mer-[Co(py) 3 Cl 3 ] + py reaction is followed by large changes of 1 H NMR and UV-Vis spectral properties. This process of py → Cl substitution is probably favoured by the lack of reactant dissociation in CHCl 3 and catalysed by small amounts of HCl. A new, more efficient method of mer-[Co(py) 3 Cl 3 ] manufacture has been designed, allowing for a convenient preparation of this potentially important synthetic precursor, although restrictive conditions must be employed in order to avoid formation of Co(II) by-products. 
